Assessment of the ungauge rainfall forecasting using SDSM-GIS by Nur Awatif, Ahmad Shukri
  
 
ASSESSMENT OF THE UNGAUGE 
RAINFALL FORECASTING USING SDSM-GIS 
 
 
 
 
 
 
 
 
 
NUR AWATIF BINTI AHMAD SHUKRI 
 
 
 
 
 
 
B. ENG(HONS.) CIVIL ENGINEERING 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
I/We* hereby declare that I/We* have checked this thesis/project* and in my/our* 
opinion, this thesis/project* is adequate in terms of scope and quality for the award of the 
Bachelor Degree of Civil Engineering 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : Dr. Nurul Nadrah Aqilah Binti Tukimat 
Position  : Undergraduate Research Project Supervisor 
Date   : 11 January 2019 
 
 
 
 
  
 
 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti Malaysia 
Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : NUR AWATIF BINTI AHMAD SHUKRI  
ID Number : AA15023 
Date  : 11 January 2019 
 
  
 
ASSESSMENT OF THE UNGAUGE RAINFALL FORECASTING  
USING SDSM-GIS 
 
 
 
 
 
NUR AWATIF BINTI AHMAD SHUKRI 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the  
Bachelor Degree in Civil Engineering 
 
 
 
 
Faculty of Civil Engineering and Earth Resources 
UNIVERSITI MALAYSIA PAHANG 
 
JANUARY 2019 
 
 
ii 
ACKNOWLEDGEMENTS 
All praises due to the highest for granting me such ability to finish this thesis 
paper. Foremost, I would like to express my sincere gratitude to my advisor Dr. Nurul 
Nadrah Aqilah Bt. Tukimat for the continuous support of my Degree program and 
research, for his patience, motivation, and immense knowledge. She guidance helped me 
in all the time of research and writing of this thesis. I could not have imagined having a 
better advisor and mentor for my Degree program. Besides my advisor, I would like to 
thank the rest of my senior Ahmad Saifuddin Bin Othman for encouragement, insightful 
comments, and hard questions. 
My sincere thanks go to all of my friends who have been helping me with their 
constant support in making this research possible. Especially to my research member, I 
am beyond grateful for all of the knowledge sharing and excellent co-operation during 
this study. Last but not the least, I would like to thank my family especially my father 
and mother for her love, care and always keep me in her prayers and her faith in my 
ability to go through this for the successful completion of this study. 
 
 
 
 
iii 
ABSTRAK 
An accuracy in the hydrological modelling will be effected when having limited data 
sources especially at ungauged areas. Due to this matter, it will not receiving any 
significant attention especially on the potential hydrologic extremes. Three of rainfall 
stations Pam Paya Pinang station, Paya Besar station and Kg. Sg. Soi across Kuantan 
river were considered in this research. Thus, the objective was to analyses the accuracy 
of the long-term projected rainfall at ungauged rainfall station using integrated SDSM-
GIS model. The SDSM was used as a climate agent to predict the changes of the climate 
trend in ∆2030s by gauged stations. Five predictors were selected to form the local 
climate at the region which provided by NCEP (validated) and CanESM2-RCP4.5 
(projected). According to the statistical analyses, the SDSM was successfully to produced 
reliable validated results with lesser % MAE (<23%) and higher R (1.0). The projected 
rainfall was suspected to decrease 14% in ∆2030s. These findings then used to compare 
the accuracy of monthly rainfall at ungauged station (Stn 2). The GIS-Kriging method 
being as an interpolation agent to treat Stn 2. Meanwhile, the next objective was to 
estimate the accuracy of the forecasted monthly rainfall using Kriging-GIS interpolation. 
Comparing between ungauged and gauged stations, the small %MAE in the projected 
monthly results between gauged and ungauged stations as a proved the integrated SDSM-
GIS model can producing a reliable long-term rainfall generation at ungauged station 
(station 2). Based on the performance GIS interpolation, for the result its historical 
rainfall (JPS) and projected rainfall between gauged and ungauged stations can be 
accepted because the difference in percentage error of MAE is less than 30%. In July was 
recorded value with higher error in MAE with 26.6% for historical rainfall. While the 
higher error for projected rainfall is 25.81% which happened in December.  
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ABSTRACT 
Ketepatan dalam model hidrologi akan memberi kesan apabila mempunyai sumber data 
yang terhad terutamanya di kawasan yang tidak mempuyai data hujan. Disebabkan 
perkara itu, kawasan tersebut tidak akan menerima sebarang makluman penting 
terutamanya berkaitan dengan keupayaan untuk meghadapi hidrologi yang ekstrem. Tiga 
buah stesen hujan yang merentasi Sungai Kuantan telah dipilih dalam kajian ini iaitu 
stesen Pam Paya Pinang, stesen Paya Besar dan stesen Kg.Sg soi. Demikian itu, objektif 
kajian ini adalah untuk menganalisis ketepatan ramalan hujan pada jangka masa panjang 
di stesen ketiadaan data hujan dengan menggunakan model SDSM-GIS.  Model SDSM 
digunakan sebagai agen iklim untuk meramalkan perubahan polar iklim yang berlaku di 
stesen terdapatnya data hujan pada tahun 2030. Lima parameter telah dipilih untuk 
menghasilkan iklim semasa di kawasan tersebut dengan menggunakan NCEP dan 
CanESM2-RCP4.5. Berdasarkan statistikal analisis yang diperolehi, SDSM telah 
menghasilkan keputusan yang baik di mana peratusan ralat untuk proses validasi kurang 
dari 23% dan nilai R menghampiri 1.0. Pada 2030, hujan diramalkan berkurangan 
sebanyak 14%. Hasil dapatan ini seterusnya digunakan untuk membandingkan ketepatan 
hujan bulanan di stesen ketiadaan data hujan (stesen 2). Kaedah GIS-kringing telah 
diaplikasikan sebagai agen interpolasi bagi mendapatkan data hujan di stesen 2.  
Sementara itu, objektif seterusnya adalah untuk menganggarkan ketepatan ramalan 
jumlah hujan bulanan yang telah diperolehi dengan menggunakan kaedah interpolasi 
GIS-kringing. Berdasarkan perbandingan diantara stesen hujan dan stesen ketiadaan data 
hujan, nilai ralat yang kecil dalam meramalkan hujan bulanan di antara dua stesen 
tersebut membuktikan bahawa model SDSM-GIS dapat menghasilkan ramalan hujan 
dalam jangka masa panjang dengan baik di stesen ketiadaan data (stesen 2). Berdasarkan 
hasil interpolasi GIS, data hujan JPS dan hujan yang diramalkan antara stesen terdapatnya 
data hujan dan ketiadaan data hujan dapat diterima dengan ralat lebih kurang dari 30%. 
Bagi data JPS, ralat paling tinggi dicatatkan pada bulan Julai dimana ralat terhasil 
sebanyak 26.6%.  Manakala ralat paling tinggi untuk ramalan hujan berlaku pada bulan 
Disember mencatatakan ralat sebanyak 25.81%.  
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Study 
National Weather Service Weather Forecast Office stated that flood can be 
explained as an overflow of water onto normally dry land. The inundation of a normally 
dry area caused by rising water within an existing waterway, like a river, stream, or 
drainage ditch. Ponding of water at or nearby the point where in fact the rain fell. Flooding 
is a longer term event than flash flooding, it could last days or weeks. In Malaysia, flood 
event usually happens during end of the year, during the North East Monsoon season 
from October to January. High frequency of rainfall causes high flow rate in a river, and 
when the existing drainage system unable to cope with the high flow rate and volume of 
runoff, flood occurs.  
Therefore, increasing frequency of floods due to changing rainfall pattern is a 
growing concern in the east coast of peninsular Malaysia. Ungauge rainfall catchment 
prediction are techniques used to extrapolate by hydrological information proceed of 
contiguous ungauged catchment from gauged data through, hydrological model 
simulation, and other relevant methods. However, runoff data were not available in many 
catchments appealing. Therefore, it is required to forecast runoff hydrographs of 
ungauged catchments from other information within that catchment or from other 
catchments. Many methods have been developed and applied in several parts.  
However, prediction in ungauged catchment remains a significant problem in 
hydrology. As not all the streams are gauged long time for ungauged catchments has to 
be assessment using relationships of the physical characteristics of the gauged catchments 
and the long-time derived from streamflow and rainfall data. For this purpose, an 
2 
integrated between SDSM-GIS. Statistical Downscaling Model and GIS have been 
formulated to generate the long term rainfall pattern at ungauged area. 
1.2 Problem Statement 
In Pahang River basin, the station rainfall data were limited and cater only small 
parts of the entire basin. For the big catchment area Kuantan river, this will make the 
estimation of become inaccurate. Thus, the potential impacts of climate change on 
hydrologic extremes, like floods, in small watersheds and medium, have not received 
significant attention especially ungauge catchment because no accurate data may be due 
to inadequate equipment. Apart from that, there was lack of sufficient development and 
application of suitable water resources design techniques in the context of climate change. 
So, that need interpolation data using GIS to analyses the reliability of the forecasted 
ungauge rainfall it can reduce the impact of flooding by taking extra precautions in 
ungauge catchment and provided the most accurate surface. 
Nowadays the global warming is unavoidable and main factor due to the emission 
scenarios based on the countrys development and expected level of greenhouse gases. 
The greenhouse gases consist of carbon dioxide. Akhbari (2014) wrote that river in 
Malaysia as a main factor that caused to the flood event due to the continuous rainfall 
and this incident occur repeatedly over the past decades and it is believed that the climate 
changes is related to the fluctuated weather especially in the rainfall variability. Thus, the 
performances of SDSM climate model to present Pahang climate variability to generate 
the long term rainfall trend using SDSM from the past 30 years of historical data and 
GIS.  
The were 2 techniques have been used to downscale information from GCMs to 
regional scales Dynamical Downscaling (DD), Statistical Downscaling (SD). The DD 
uses Regional Climate Models (RCMs) to simulate finer-scale physical processes 
consistent with the large-scale weather evolution prescribed from a GCM (Giorgi, 2001; 
Mearns, 2004). Meanwhile SD adopts statistical relationships between the regional 
climate and carefully selected large-scale parameters (Storch, 1993 ; Wilbyet, 2004 ; 
Goodess, 2005). DD methods are extremely computationally intensive and have data 
requirements which may not be easily available.  
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In this study, SD has been proposed due to computationally cheap and requires 
few parameters contrast with dynamical downscaling (Fowler,2005). Statistical 
Downscaling Model (SDSM) developed by (Wilby,1999) was used as the basic model to 
present the initial view of how significant the projections of climate change scenarios will 
affect the precipitation variability for the sites under study. SDSM is well documented 
and has been successfully tested in numerous studies (Wilby, 2003 ; Nguyen, 2005 ; Diaz-
Nieto, 2005 ; Haylock, 2006 ; Khan, 2006). The model permits the spatial downscaling 
of daily predictor-predictand relationships using multiple linear regression techniques 
and generates synthetic predictand that represents the generated local climate scenario.  
However, rainfall information is often needed at ungauged catchments especially 
when the stream gauge network is not dense. One conventional approach to estimate 
streamflow at an ungauged catchment is to transfer streamflow measurements from the 
spatially closest stream gage, commonly referred to as the donor or reference gage using 
the drainage-area ratio method. By using GIS, it can interpolate data because the probably 
is the fact could never sample adequately for any locations that want in. In addition, recent 
advances in GIS software, allow the spatial variation of model parameters and processes 
to be considered at a reasonably small scale. The older and more precise method of 
measurement involves rainfall gauges that need to be inspected at various points during 
a rainfall.    
1.3 Objective 
The purpose of this study is to generate the long term rainfall trend at ungauge area using 
integrated of Statistical Downscaling Model (SDSM) – GIS modelling. Therefore, this 
study covers the following objectives:  
i. To estimate the accuracy of the forecasted monthly rainfall using Kriging-GIS 
interpolation.  
ii. To generate the long term rainfall (∆2030𝑠) at ungauged area using SDSM-
GIS Models. 
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